A numerical taxonomy analysis of Mycobacterium africanum strains from Rwanda (6 strains), Burundi (5 strains), Yaounde (23 strains), Dakar (17 strains), and Mauretania (9 strains) indicated that these bacteria did not cluster separate from the M. tuberculosis or the M. bovis clusters, nor did they eliminate the phenetic discontinuity between the latter. However, the African strains introduced considerable heterogeneity in the usually homogeneous M. tuberculosis and M. bovis clusters. Judging from the data, it did not seem justifiable to create a new species M. africanum. Preliminary genetic analysis did not support the view expressed earlier that these bacteria mutated at high frequencies, and further genetic analysis of these bacteria seemed necessary. Castets, Boisvert and Rist, 1969 (2) is a group of mycobacteria reported to be phenotypically intermediate between M. bovis and M. tuberculosis. The characters in common with the latter species were not constant features in strains of M. africanum; instead, the numerous strains investigated appeared to fill the phenetic discontinuity between M. bovis and M. tuberculosis (1, 2, 6, 7, 15-18,  20) . These observations led h a t et al. (18) to suggest that the earlier classification of the tubercle bacilli, i.e., M. tuberculosis and its human and bovine varieties, might be reestablished and completed by newer varieties such as the African variety of tubercle bacilli. Because the distinction between M. bovis and M. tuberculosis has more than academic interest (9), we decided to reexamine the taxonomic status of M. africanum.
controls. The type or neotype strains for each of the species were included in the study.
Numerical taxonomy analysis. The tests performed on the 98 strains are indicated in Table 2 . Each strain was given a code number, and the study was conducted blind. Computer analysis was carried out as recommended by Lockhart and Liston (13) . Methods and strain data have been deposited with the World Data Center for Microorganisms from which they may be obtained by interested readers.
Population analysis. For the purpose of examining the genetic variation in M. afiicanum, one strain from Rwanda was arbitrarily chosen. M. tuberc@osis and M. hub were used for comparison. The fluctuation test (14) and the study of variants in the popula-tions were performed as described previously (3, 22) and below.
RESULTS
Numerical taxonomy. The dendrogram shown in Fig. 1 was obtained excluding all strains of African origin. The strains belonging to known species, except for one strain labeled M. microti in our collection, separated into well defined clusters. The M. bovis and M. tuberculosis clusters separated at an 85% level of similarity. From the data, the properties of the hypothetical median strain (HMS) of M. bouis and M. tuberculosis were obtained, and all strains from these species were then compared to the HMS. The histogram (see Fig. 3A ) represents the comparison of the M. bouis and M. tuberculosis strains with the M. tuberculosis HMS, and it indicates that the two species formed well separated and homogeneous clusters. These results indicated that the test character states selected for this investigation were satisfactory.
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Niacin test strip (Difco).
* Boisvert, personnd communication. Fig. 2, and Fig. 1; (B) Genetic variation. The phenetic analysis described above excluded M. africanum as a distinct species, and suggested that the African strains are variants of either M. bovis or M. tuberculosis. It was reported earlier (18) that the African strains mutate at high frequencies which could explain the heterogeneity introduced by these strains in the M. bovis and M. tuberculosis clusters. The mutation rates of a strain from Rwanda from sensitivity towards resistance to isoniazid, streptomycin, rifampin, and kanamycin did not differ significantly from the correspondent mutation rates in M. bovis and M. tuberculosis ( Table 6 ). On the other hand, these bacteria exhibited considerable variation in results in the various tests shown in Table 7 . These data, therefore, excluded mutator effects in the strain but indicated a genetic phenomenon that requires further examination.
TABLE 3. Distribution of characters with greatest resolving power between M. bovis and M. tuberculosis, between clusters G and F from

FIG. 3. Histograms obtained by comparing all strains in clusters F and G with the hypothetical medium strain of M. tuberculosis. (A) Strains in clusters F and G from dendrogram in
DISCUSSION
Our data showed conclusively that the African strains of tubercle bacilli did not segregate into a cluster separate from M. haps would have disappeared, had we used a much larger number of strains in our study. In this respect it was interesting that the African strains clustered according to their geographic origin. Most strains from West Africa clustered in the M. bouis cluster G, and the strains received from the more eastward region of Africa (Rwanda and Burundi) were found in the M. tuberculosis cluster F. Strains received from regions between these two extremes were not available for study.
Even if the study of many more strains might cause the clusters to fuse, the data implied a genetic diversity that requires clarification. The careful and detailed descriptions by Rist and his collaborators (1, 2, 7, 18) led them to suspect that these bacteria mutated at high frequencies.
We tested this hypothesis by measuring the 
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mutation rates towards resistance to drugs of a strain from Rwanda, and did not find evidence for mutator effects. Yet, the population analysis in respect to test results in biochemical tests showed variations at a frequency that cannot be explained by spontaneous mutations. Therefore, we think that the fundgnental mechanism of the genetic instability of these organisms needs to be further investigated. Because we have observed that the genetic instability was found for some but not all of the test characters, we hypothesize that it may be caused by extrachromosomal genes. This hypothesis is now under investigation.
From a practical point of view, the differential identification of M. bovis and M. tuberculosis, where and when African strains must be identified, is complicated by the need to perform more laboratory tests than is usually recommended. According to our data, the minimal tests necessary to identify conclusively the two species are growth stimulation by pyruvate, niacin production, nitrate reductase, P-glucosidase, pyrazinamidase, and growth in the presence of thiophencarboxylic acid hydrazide. In our opinion strains that do not give the expected test results in one or more of the indicated tests must be further investigated. 
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